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Synopsis
Plasma-polymerized p-xylene(PPPX) was deposited as organic insulating film. Organic-inorganic hybrid thin
film was prepared by sputterring inorganic phosphor(ZnS:IVln) on the PPPX film. The purpose of this study
is that ZnS:1\1n particles are dispersed into PPPX film by changing sputtering conditons. As the preliminary
study, we investigated size of ZnS:1\1n particles in deposited film and depth profile of hybrid film.
To evaluate size of ZnS:1\1n particles, ZnS:1\1n single layer films were observed by TEM and XRD. Depth
profile of organic-inorganic hybrid thin films was investigated by ESCA.
Black spots were observed on TEM images of the single layer films. As the result of XRD pattern, we inferred
that black spots were crystallized ZnS:Mn particles. From TEM observation, size of ZnS:Mn particles were
smaller with increasing gas pressure during sputtering. Results of depth profile of hybrid films indicated that
ZnS:l\1n particles were incorporated deeper into PPPX film with increasing RF power during sputtering.
KEYVlORDS: Sputtering, Plasma polymerization, Organic-inorganic hybrid, EL devices, TEI\1, ESCA, XRD
I.Introduction
Organic electroluminescent(EL) and inorganic EL devices, which are expected as new generation flat panel
display device, have many advantages such as high brightness, thinness, fast response and self emitting. However,
inorganic EL device has high operating voltage and organic EL device has short life time. The organic-inorganic
hybrid EL device should be expected to resolve these disadvantages.
In this study, we made an attempt to disperse ZnS:Mn particles into PPPX film using RF magnetron sput-
tering. Depth profile of deposited hybrid films was observed by Electron Spectroscopy for Chemical Analy-
sis(ESCA). Also, size variation of ZnS:1\1n particles in ZnS:1\1n single layer film was observed using Transmission
Electron l\1icroscopy(TEM).
2.Experimental
Plasma polymerization system(Samco Inc.,PD-2) was used to deposite PPPX thin film using p-xylene
monomer(Wako Pure Chemistry, 99 % purity). Through this study, we kept deposition condisions of PPPX
film constant.The conditions are shown in Table 1.
Table 1 Deposition conditions of PPPX film
Base pressure
Discharge pressure
RF power
Substrate temperature
Deposition time
Babbling gas(Ar) flow rate
0.02~0.05 Torr (266~6.65 Pal
0.4 Torr (53.2 Pal
10 W
40 min
50 ccm
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RF magnetron sputtering equipment has upper electrode(substrate electrode) and lower electrode(sputtering
source:l\1EIVAC Inc. MAK 1.3) in chamber. Target-substrate distance is 9.5 cm. Upper electrode is connected
to ground. Lower electrode is connected to RF power supply(Creative Design Corp. T857-1) through matching
box(Creative Design Corp. 102Y-1).
ZnS:l\1n single layer films and hybrid films were deposited by RF magnetron sputtering. The films were
observed by TEl\1. Samples for TEI"I observation were deposited on carbon-coated copper grid(m3 mm.200
mesh). Sputtering conditions of ZnS:l\1n films are shown in Table 2.
Table 2 Sputtering conditions of ZnS:Mn for single layer films
Target ZnS:l\1n(Ivln:0.5 wt%)
Gas pressure [Pal 0.3 0.6 1.0 20
Base pressure [Pal 1.96x10-3 3.69x10-4 1.46 X 10-3 1.99x10-3
RF power [W] 40
Substrate temperature room temperature
Deposition time [min] 20
Gas pressure was changed to control growth of film on the substrate. This mechanism should be considered
that energy of sputtered particles decreases because mean free path of the particles has been shorter by increasing
gas pressure. In addition,the reason for setting substrate temperature to room temperature is to prevent the
particles from connecting each other by migration after sputtered particles reaching substrate. ZnS: 1n film
that has high crystallinity was deposited in order to examine how ZnS:Mn crystallites were observed on TEl\1
images. The crystallinity was evaluated by X-ray diffraction(XRD). The sputtering conditions are shown in
Table 3. Besides,target-substrate distance was temporarily changed to 7.5 cm.
Table 3 Sputtering conditions of ZnS:1I1n films for the comparison TE.M observation and XRD pattern
Sample name TEM I XRD
Target ZnS:Mn(Mn:0.5 wt%)
Gas pressure [Pal 0.1
Base pressure [Pal 1.65xlO-3 I 8.80x10-4
RF power [W] 60
Substrate temperature[°C] 350
Deposition time [min] 5 I 60
In order to examine the relationship between size of ZnS:Mn particles and depth that ZnS:I\'In particles reach
in PPPX film, depth profile of hybrid films was investigated by using ESCA. The sputtering conditions for
hybrid films are shown in Table 4.
Table 4 Sputtering conditions of ZnS: In for hybrid films
Target ZnS:Ivln(Mn:0.5 wt%)
Gas pressure [Pal 0.3 0.6 1.0 2.0
Base pressure [Pal 1.66x10-3 1.58x 10-3 1.85x10-3 2.37x10-3 1.36 X 10-3
Discharge power [W] 40 60
Deposition time [min] 60 30
Substrate temperature room temperature
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According to our preliminary results,when RF power was changed from 40 '-"'" to 60 'N, the deposition rate
Vv'as almost doubled. Thus, we reduced the deposition time under 60 'V by half so that quantity of sputtered
particles is nearly constant.
3.Experirnental results and discussions
3.1 TEM images of ZnS:Mn single layer films
Figure 1 shows plan-view TEM images of Zn8:1\1n films with increasing gas pressure.
(a) 0.3 Pa
(c) 1.0 Pa
(b) 0.6 Pa
(d) 2.0 Pa
Fig.l TE1'1'l images of ZnS:Mn films with increasing gas pressure
Figure 1 indicates that black spots become smaller size as increasing gas pressure. These black spots seemed
to be crystallized Zn8:Mn particles. To examine this Zn8:Mn film with high crystallinity was prepared under
the conditions shown in Table 3,and observed by using TEM. The result is shown in Fig.2(a). In addition, TEM
image of carbon-coated copper grid is shown in Fig.2(b).
-======,200 nm
(a) Zn8: Mn film (b) carbon-coated copper grid
Fig.2 TEM images
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Fig.3 XRD pattern of ZnS:Mn film
Black spots are observed in Fig.2(a),but not observed in Fig.2(b). In Fig.3,a peak appears at 28.5°,which
corresponds to the diffraction angle from the (111) plane in a cubic structure. Thus, we considered that
crystallized ZnS:Mn particles were observed as black spots in TEM image of ZnS:Mn film, that is, size of
ZnS:Mn particles are smaller with increasing gas pressure in Fig.I.
3.2 Depth profile of hybrid films with increasing gas pressure
Figure 4 shows depth anlysis of Zn(2p 3/2) peak,S(2p) peak and C(ls) peak in hybrid film under gas pressure
0.3 Pa. Futhermore, Fig.5 shows depth profile and quantitative analysis of hybrid films with increasing gas
pressure.
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Fig.4 Depth analysis using ESCA of hybrid film under gas pressure 0.3 Pa
Figure 4 shows that Zn and S atoms coexist because Zn(2p 3/2) peak and S(2p) peak are detected up to
etching time of 35 min,but not detected over 35 min. Althrough Mn(2p 3/2) peak could not detected,we believe
that Mn atoms exist with Zn and S atoms. As well as result of ZnS:Mn single layer film, ZnS:Mn particles
probably exist in PPPX film.
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Fig.5 Depth profile and quantitative analysis using ESCA of hybrid films with increasing gas pressure
Figure 5 shows depth that ZnS:Mn particles reach in PPPX film increases up to gas pressure of 0.6 Pa.
However, it decreases over 0.6 Pa, indicating that ZnS:Mn aggregates around surface of PPPX film. It follows
from this that ZnS:Mn particles do not reach deeper into PPPX film because ZnS:Mn particles lose kinetic
energy by increasing collision frequency with increasing gas pressure.
3.3 Depth profile of hybrid films with increasing RF power
Figure 6 shows depth profile and quantitative analysis of hybrid films with increasing RF power.
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Fig.6 Depth profile and quantitative analysis using ESCA of hybrid films with increasing RF power
In Fig.6, sputtered particles under RF power of 60 W reach deeper inside of PPPX film rather than that of
40 W. It follows from this that the depth which ZnS:Mn particles reach in PPPX film can be controled, provided
that effects of gas pressure and RF power are quantitatively evaluated.
4. Conclusion
The conclusions can be summarized as follows:
1. Crystallized ZnS:Mn particles were observed as black spots for TEM images.
2. Size of ZnS:Mn particles are controled gas pressure during sputtering.
3. Depth that ZnS:Mn particles reach in PPPX film is increased by increasing energy of these particles.
4. ZnS:Mn particles seem to disperse into PPPX by controling gas pressure and RF power adequately.
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